This paper uses the Benninga-Helmantel-Sarig (2005) framework to value employee stock options (ESOs) in a framework which takes explicit account of employee nondiversification in addition to the standard features of vesting and forfeit (or forced exercise) of the stock options. This framework provides an endogenous explanation of early exercise of employee stock options, has a computational advantage over existing utility maximizing models, and also allows us to quantify the nondiversification effects. Using a proprietary dataset which contain 33,294 ESO exercise records at sixty five publically traded firms between 1993-2009 (both executive and non-executive employees), we measure the nonmarketability associated with untradeable stock options, and use it to value ESOs. We find that the private pricing model value on the grant date is about 50% less than the value of a plain vanilla Black-Scholes option value. We also find that the private pricing model is aligned with empirical findings of ESOs. This pricing framework provides an exercise boundary of ESOs and can also serve as an approximation to the fair value estimation of share based payment granted to employee and executive.
Introduction
A large body of existing literature deals with the pricing and economic implications of employee stock options (ESOs). ESOs are basically financial derivatives in incomplete markets and should be priced as such (Grasselli, 2005) . In this paper we extend this literature to consider the impact of nonmarketability on this share-based payment, by employing a model first developed by Benninga, Helmantel, Sarig (BHS, 2005) . Our model also allows us to consider differential access to capital markets of employees and the firm.
An employee stock option has special characteristics: It has a vesting period-a period in which the employee cannot exercise the stock option. Upon job termination taking place during the vesting period, the options are forfeited. In contrast, job termination after the vesting period usually means the employee cannot continue to hold the stock options (typically, exercise is required within 90 days after the job termination date). In addition, ESOs are nontransferable and the employee is not allowed to hedge his ESOs by taking short positions in the firm's stock (Leon et al. 2009 ).
1 The nontransferability and nonhedgeability features cause to early exercise of the stock options and also contribute to the fact that ESOs has no market price. Generally, ESO valuation models can be divided into three categories: Utility maximizing models, lattice-based models, and continuous-based models. Utility maximizing models use a risk-averse utility function, and derive the employee's certainty equivalent to establish whether the employee exercises the stock option (before maturity). Lattice-based models are usually modifications of the Cox-Ross-Rubinstein (1979) binomial framework, with an exogenous early exercise decision, and continuous-based models are typically modifications of the Black-Scholes (1973) model, and also include exogenous early exercise decision. The use of the BHS (2005) model for ESO valuation incorporates the nonmarketability effect into ESO pricing. The model uses private state prices, which are the appropriate state prices for risk-averse employees who are restricted in their diversification, and are therefore exposed to some of the firm's specific risk. The private pricing model has two advantages over existing approaches in pricing ESOs. First, compared to lattice and continuous-time models, the private pricing model provides an endogenous explanation of ESO early exercise. While the early exercise phenomenon of ESOs is widely documented, most ESO pricing models, such as the Hull and White (2004) model, employ an arbitrary algorithm to explain early exercise.
2 Compared to the utility maximizing models, which provide endogenous early exercise decision, the private pricing model can be viewed as a model that incorporates the utility model parameters into a single factor, thus providing a simplified and more flexible approach to describing exercise behavior and to computing the ESO value. 3 In this respect, pricing ESO using the private pricing model combines the flexibility of the binomial model along with a theoretical framework which models the behavioral approach that characterizes utility maximizing models. We show that the use of the BHS model is aligned with empirical findings in studies on ESO databases: The ratio of the stock price to exercise price and the foregone value (in percentages), compared to the BS value (both on the exercise date) are within the range of empirical estimations. The employee tends to exercise earlier as more restrictions are added to the stock options, if he is more undiversified, and when the stock's volatility is higher. Additional advantage of the private pricing model in pricing ESOs is that we are able to quantify the nondiversification effects.
In the second part of the paper we use a proprietary data set obtained from Tamir Fishman & Co. for estimating the nondiversification measure. 4 This comprehensive stock option database is comprised of complete histories of stock option grants, vesting structures, option exercises, and cancellation events for all employees in sixty-five firms. The stock option grant sample period is between 1993 and 2009, and the exercise record sample period is between 1998 and 2009. Tamir Fishman supplied this data on the condition that the companies and their employees' identity remain anonymous. We use 33,294 ESOs exercise records from sixty five firms in order to estimate the nondiversification measure associated with the private pricing model. We calibrate the stock price on the exercise date, accompanied by the specific characteristics of each exercise record-such as the annual risk free rate, historical volatility and remaining time to maturityand estimates the nondiversification measure for each exercise record. Then, we calibrate this nondiversification estimation and value the stock option on the grant date using the specific characteristics of the stock option on the grant date. We find that the value of the stock option is about 50% less than a plain vanilla stock option value, calculated by the Black-Scholes option pricing model. This discount varies between industries and rank of employees.
The economic implications of the use private pricing model in share-based payments valuation are significant. According to the literature, the objectives of stock option plans are to assist the company attract, retain, and motivate its executives and other employees. 5 Options assist companies attract executives, provide retention incentives using a combination of vesting provisions and long option terms, motivate executives and other employees by providing a link between company performance and the employee's wealth, and in addition to these stated objectives, serves as substitute to cash compensation. As a result, ESO compensation has economic implications to a wide variety of affairs, ranging from incentive and option design to employee (or executive) behavior and compensation packages.
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A common claim against applying the nonmarketability discount in valuation models is that several alternatives exist to hedge the individual's exposure, which can reduce on the degree of nonmarketability. This claim is also addressed to employees, since equity-based compensation imposes them to be undiversified. 7 The first hedging strategy is short sale the firm's security. This alternative, however, is not effective since employees who are granted ESOs are prohibited from short selling their company's stock. 8 In addition, this alternative may not be effective if the amount of securities held by the employee is fairly large or if the market for the underlying is not liquid. An additional hedging alternative is zero-cost or cashless collar obtained from investment banks (Meulbroek, 2001 ). This alternative may be impossible to implement if there are no options trading on the underlying, when the amount of securities held by the employee is large or when the nonmarketability restriction period has no parallel options available. In addition, in reality the exercise prices are typically set sufficiently far from the current market price so that the IRS will not consider this a constructive sale of the underlying security (Tabak, 2003) . Bettis, Bizjak and Lemmon (2005) report that the number of such transactions reported to the SEC has so far been relatively small. In addition, the evidence if the use of this hedging strategy in practice, regards mainly to executives holding restricted stocks and not stock options, and not a common practice which is offered to all the employees of the granting firm (for example, Meulbroek discusses only on executives). A third alternative is to buy an equity swap of the relevant index or portfolio of the matching industry. This alternative provides only partial hedging, and may have tax consequences ( (Meulbroek 2001 , Tabak 2003 . Additional hedging alternative is to short the index in which the company's stock is traded in (such as the S&P 500 futures). However, few managers appear to engage in such 5 For an elaborate discussion see Hall and Murphy (2002) . In addition, Ittner et al (2004) summarize the relative importance of self-reported objectives of employee stock options plans. 6 See Hall and Murphy (2002) provide an elaborate discussion on the economic implications of ESO valuation. 7 Employees typically have a higher exposure to the firm's risk, since in addition to equity-based compensation rewards, their future wealth and consumption is also affected from the salary they receive from the same firm. 8 An employee is not allowed to hedge his position by taking short positions in the firm's stock. Section 16(c) of the U.S. Securities Exchange Act relates to the firm's executives, and paragraph B80 in FAS 123(R) mentions that "the Board understands that many public entities have established share trading policies that effectively extend that prohibition to other employees".
transactions, perhaps because of the liquidity risk of this strategy (index futures are mark to market daily). In addition, this strategy offers only partial hedging. Overall, it seems that the possibility of hedging ESO provides only partial solution, with little evidence to be executed in practice. The structure of this paper is as follows: Section 2 presents the implications of Benninga-Helmantel-Sarig (2005) model and studies its implications on employee stock option pricing. Section 3 presents the employee stock option sample database. Section 4 uses sample data to measure the nonmarketability of the pricing model. Section 5 implement the model and compares its implications to empirical findings. Section 6 concludes.
Imperfect markets, nondiversification, and the valuation of ESOs
The model We use a model developed by Benninga, Helmantel, and Sarig (BHS, 2005) to represent the impact of nondiversification on pricing. The BHS model represents pricing in a binomial framework and assumes that the nondiversified consumer has too much consumption in the good states and too little consumption in the bad states of the world. The resulting state prices of a nondiversified consumer will be lower than the market state prices in good states and higher than the market prices in bad states. , ud pp represent the private price of $1 in an up/down state world, respectively. We assume that firms use the public state prices for valuation, whereas employees use the private state prices. We assume that:
where R is the gross one period interest rate, U is the gross one period move-up factor and D is the gross one period move-down factor (in percentage The use of the same state prices by both the firm and employees assumes that the employees can trade freely in all the assets in the market (i.e., can create long and short positions). Differentiating between public and private state prices allows us to drop this assumption. Essentially, we assume that-as a result of trading and hedging restrictions on option grants-risk-averse employees are restricted in their diversification and are therefore exposed to some of the firm's specific risk. The limitations on the stock option granted to the employee and on the employee hedging activity are designated to tie the employee to firm performance. 10 The technical meaning of the above assumptions is that both private and public state prices assume equal access to the borrowing/lending market and hence face the same borrowing rate. However, the private price for the up state p u is lower than the public price for the same state q u and the private price for the down state p d is higher than the public price for the same state q d . If state prices are computed using the probability-adjusted marginal rates of substitution, then the condition
can be interpreted as meaning that the employee would like to transfer consumption from the good state to the bad state: Relative to his optimal consumption pattern, an employee has too much consumption in the good state and too little consumption in the bad state.  is the spread between the public and private state prices that captures the nondiversification measure of the employee. In other words,  represents the higher tolerance to the firm's risk of the well-diversified investor than that of the incompletely diversified employee (BHS 2005).
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Since p u < q u and since an employee stock option pays off in the up states, it is obvious that the private valuation of an ESO is less than the public valuation since the option pays off in the up states. This characteristic has been proved for stocks in BHS (2005) .
The effect of nonmarketability on stock options (with a marketable underlying asset) can be significant. For example, Brenner et al. (2001) studied nontraded currency options and concluded that they traded at a discount of approximately 21%, relative to otherwise similar liquid options. Eldor et al. (2006) investigate nontradeable and tradeable identical Treasury derivatives. They find that nontradability is significant and covaries positively with interest rate volatility. This issue is of particular relevance in the valuation of employee stock options that are offered as compensation at publicly traded companies (Damodaran, 2005) . Meulbroek (2001) computes a lower bound to the value managers attribute to their stock options. These These managers are assumed to hold an undiversified portfolio with a concentrated exposure to the employer's stock. According to Muelbroek's estimation, a manager of a NYSE firm with all his assets tied to her firm would value typical options (a vesting period of 3 years) at 70% of their market value. For entrepreneurially-based firms, such as internet companies or new economy firms, (with higher stock volatility), Meulbroek estimates that an undiversified manager (with all his assets tied to the share price) would value options at 53% of their cost to the granting firm. Changing the manager's level of diversification causes only minor changes in the valuation gap (for example, assuming the internet manager's firm holds 50% of his wealth outside the firm increases the option value to 59% from the cost to the granting firm).
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ESOs valuation using the private pricing model We use the private pricing model to value ESOs, considering the following characters: Vesting period: We incorporate vesting period in the valuation model. During this period, the employee cannot exercise the stock option.
Exit rate: We consider the possibility that the employee may leave the firm by employing an exit rate during the option life. The probability the employee leaves the company is modeled by an annual exit rate e and can be determined for each period of time ∆t as 1-e∆t. If the employee leaves the company during the vesting period, the unvested options are forfeited and the exit value is zero.
Forced exercise: The exit rate is also incorporated after the vesting period. 13 In this case, if the employee leaves the company he will receive an exit value of Max(S t -X,0). This action reflects the common practice of forced exercise upon job termination after vesting (usually over a period of 90 days). Nonmarketability: By the term nonmarketability, we refer to the fact that employee stock options are nontradable and nonhedgeable, and therefore cause deviations from diversification to the employee. We use the private pricing model to incorporate this fact in the valuation model. Private pricing is being used before and after vesting, reflecting the fact that the employee cannot trade or hedge the stock option throughout the entire holding period. 14 In this respect, Chance and Yang (2004) Figure 1 shows the valuation of an European plain-vanilla call option using the BlackScholes model (BS), public state prices (i.e., the binomial model) and using private state prices (in a binomial framework). The graphs assume that both the private and public prices face the same interest rate, so that U
Valuation effects of public versus private state pricing
Comparison: Black-Scholes, Binomial, Private pricing model The input assumptions are: exercise price = 1; time to expiration = 4 years; annual interest rate = 5%; volatility = 30%; annual dividend yield = 0%; number of subdivisions of one year (for the binomial framework) = 50.
From Figures 1 and 2 , it is clear that the private pricing model leads to possible earlyexercise of American plain-vanilla calls on non-dividend-paying stocks. This outcome is different from classical option pricing theory, and it is due to the nondiversification of the option holder. It is thus also clear that this model leads to endogenous early exercise for employee stock options. Figure 3 presents the ESO value, calculated using the private pricing model, with different stock option characteristics. The input parameters are: exercise price = 1; time to expiration = 10 years; annual interest rate = 5%; volatility = 30%; vesting = 3 years; exit rate = 3% annually; annual dividend yield = 2%; nondiversification measure δ = 0.02; number of subdivisions of one year (for the binomial framework) = 50. Figure 3 shows that as more limitations are added to the stock options, the employee tends to exercise earlier. In other words, the employee will attribute a lower value to the stock option as more limitations are added.
Data
We use a proprietary data set that was obtained from Tamir Fishman & Co., an Israelibased investment house, which offers management services of share-based compensation programs. Tamir Fishman supplied this data on the condition that the companies and their employees' identity remain anonymous. In this respect, we identify the companies by a twodigit code.
The stock option database is comprised of complete histories of stock option grants, vesting structures, option exercises and cancellation events for all employees in both private and public firms. We identify ninety-two firms that are either currently public, were public in the past or were acquired by a public firm and now serve as its subsidiary. After processing the data (specified below), we are left with sixty-five firms. The ESO grants sample period is between 1993 and 2009, and the exercise records period is between 1998 and 2009.
The unit of analysis is based on employee-by-employee exercise records. We clean the data by performing the following (which resulted in reducing twenty seven firms from the sample):
• Exclude exercise records which represent forced exercise. Forced exercise can usually result from job termination and from mergers and acquisitions.
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Since we are interested in voluntary exercise records, we exclude all exercise records that were made 100 days before or after the employee job termination. This period is align with the common practice is to allow employees up to three months to exercise their stock options after they cease working in the company. We exclude 100 days preceding the job termination to account for the case that the employee exercises his stock option as part of his plan to cease working in the company.
• Exclude exercise records in case the grant date occurred prior to the firm's IPO • Exclude exercise records of nonemployees.
• Exclude exercise records with exercise price lower than 0.1(such ESOs are parallel to restricted stock units).
• Exclude exercise records in case less than 50 stocks were exercised.
• We required a minimum of 14 trading days in a month for volatility estimation, and exclude exercise records in months that violate this criterion.
• Due to insufficient data of ESOs grants before 2000, we excluded exercise records of exemployees with option life of less than three years, in which the original expiration date is identical to the last date of exercise. We also excluded exercise records in which the gap between the original expiration date and the grant date was less than four years.
• Lastly, we exclude ESO exercise records that were 100 days before the option expiration date, since such exercise pattern does not suitable early exercise patterns. In other words, employees which hold their stock options until expiration did not signal on their value by early exercising and therefore bias the nondiversification estimation.
15 Forced exercise due to job termination or as a result of mergers and acquisitions is a common practice. In case a company did not force early exercise and the employee exercised his stock option after 100 days from the job termination, we did not exclude this exercise records from the sample.
We use the stock returns and risk-free discount rates in the pricing procedure. We obtain Stock prices from CRSP, Tel-Aviv stock exchange (TASE) website, Yahoo! Finance and websites of the companies themselves. We used these stock prices to calculate historical volatility, based on the daily continuous compounded return of a minimum estimation period of 20 trading days from the firm's IPO (subject to 14 trading days in a month restriction), expanding the estimation window to 30 days and then used a rolling window estimation of 30 trading days. 16 As a proxy for the annual risk-free interest rates we use the short-term discount rates that match to the currency that the firm's stock is traded. These discount rates were obtained from the Federal Reserve Statistical Release website (3 months T-bill); the Bank of Israel website (MAKAM rates); and the European central banks websites. In addition, we assumed a zero dividend yield for the entire sample firms (this assumptions fits 80% of the sample firms' behavior during their life) and a vesting period of three years (an assumption which is relevant only to the ESO estimation on the grant date).
Sample description
The final sample contains 33,294 exercise records from sixty five companies. Table 1 provides a description of the companies industries according to the two-digit firm-level SIC codes as appears in CRSP. There is a considerable heterogeneity in the firm industries type in the sample. In addition, a major part of the firms comprising the dataset are new-economy firms related to computers, software, the internet, telecommunications or networking.
17 These new economy firms represent 69.23% from the firms and 73.83% of the exercise records in the sample. Tables 2 and 3 present summary statistics on the time to maturity (in years) of the stock options (i.e. it's the contractual option life) and on the remaining time to maturity (in years) of the stock options on the exercise date, respectively. These characters are used to estimate the value of the nondiversification measure  on the exercise date and the option value on the grant date. Table 2 presents a quite homogeneous picture: The average contractual option life ranges between eight to ten years, with some options grants for 16 years. The minimum period in the sample is four years. Combined with the data of Table 3, the data indicates that on average the ESOs in the sample are exercised when there are nearly two-thirds to half of the option term remaining. These findings are consistent with the findings of Huddart and Lang (1996) and Carpenter et al. (2009) . The sectors that deviate from this early exercise pattern are the food and kindred products and the paper and allied products (SIC codes 20 and 26, respectively). This table reports the time to maturity of the option grants on the grant date. The time to maturity is measured as the number of years between the grant date and the expiration date of the option. The summary statistics are computed over all the exercise records in the sample period. The summary statistics is organized by the two-digit firmlevel SIC categories as reported in CRSP. This table provides the summary statistics over the sample period for the remaining term (in years) of the stock option on the exercise date. The remaining term is measured as the difference between the expiration date and the exercise date. The summary statistics are organized by the two-digit firm-level SIC categories as reported by CRSP. Table 4 reports the summary statistics of the stock price to the exercise price ratio in the sample data. There is a difference in the ratios both across and within sectors. The highest ratios reflect run-ups in the stock market during our sample period. Specifically, these ratios stem from market run-ups during the end of the 1990s and the beginning of 2000. In general, the option exercise patterns present evidence on the persistence of early exercise behavior along with considerable heterogeneity both within and across sectors. These findings are consistent with the findings of Carpenter et al. (2009) and Bettis et al (2005) . 
Estimation of the nondiversification measure and the ESO value
We use the proprietary data set of ESOs grants and exercise records and reverseengineering techniques to estimate the ESO value using the private pricing model. The estimation includes two stages, based on employee-by-employee exercise records: In the first stage we estimate the nondiversification measure  based on the stock price and the stock option characters (such as the standard deviation and risk free rate for each stock option) on the ESO exercise date. In the second stage we calibrate the nondiversification estimation along with the stock option characters, and calculate the ESO value using the private pricing model relative to a plain vanilla stock option value using BS model on the grant date. Table 5 uses the reported stock prices on the exercise date to calculate the implied nondiversification measure  using the specific characters of each stock option exercise record: risk free rate, volatility, dividend yield, vesting and exit rate. 18 The ratios are divided to groups according to the CRSP SIC codes, and in addition an average data is calculated to rank and file employees relative to executives and to exercise records in which the employee continued to hold the stock relative to exercise records in which the stock acquired is sold immediately (cashless exercise). This table reports the nonmarketability estimation on the exercise date. We estimate nonmarketability using the specific characters of each option record. Time to maturity is measured as the number of years between the exercise date and the original expiration date of the option grant. Annual risk-free rate is adjusted according to the share's currency. Volatility is estimated by historical volatility of the share. The summary statistics are computed over all the exercise records in the sample period and grouped using two-digit firm-level SIC categories as reported in CRSP.
The mean nondiversification measure in the entire sample (Table 5 ) is around 0.025, with a similar tendency within the SIC sectors, except the food and kindred products and the paper and allied products (SIC codes 20 and 26, respectively). In addition, according to Table 5 results executives have a lower nondiversification measure relative to rank and file employees. It means that, ceteris paribus, executives tend to exercise their stock options later (or closer to expiration) than rank and file employees. Table 6 presents the private pricing model estimations of at-the-money ESOs relative to plain vanilla stock options values using BS model on the grant date. These estimations calibrate the nondiversification measure from Table 5 (calculated on the exercise date) with the annual risk free rate, historical volatility, contractual option life, vesting period and dividend yield-all on the grant date-to calculate the ESO private value. The at-the-money plain vanilla stock option value was calculated using the same annual risk free rate, historical volatility, contractual option life and dividend yield (and exercise price). This table reports the value of the ESO using the private pricing model relative to a plain vanilla Black-Scholes value of the ESO on the grant date. The nonmarketability measure was estimated on the exercise date and calibrated into the model. Time to maturity is measured as the number of years between the grant date and the original expiration date of the option grant. Annual risk-free rate is adjusted according to the share's currency. The volatility is estimated by historical volatility of the stock. The summary statistics are computed over all the exercise records in the sample period, and grouped using two-digit firm-level SIC categories as reported in CRSP.
According to Table 6 outcomes, the private ESO value is, on average, about 50% relative to a plain vanilla BS option value. In the food and kindred products and the paper and allied products (SIC codes 20 and 26, respectively) industries the value is higher is around 65%. These findings are consistent with the predictions of Meulbroek (2001) , that in new economy firms, (with exhibit higher stock volatility) an undiversified manager would assign lower value to his stock options relative to undiversified manager from less volatile industries. Table 6 findings are also consistent with the findings of Ikaheimo et al. (2006) , which use the prices of tradable executive stock options, traded at the Helsinki stock exchange after the options are vested (which means these are transferable stock options). By analyzing 27,808 trades, Ikaheimo et al. (2006) show major underpricing of the ESO which can reach over 50% discount relative to BS value. Since Ikaheimo et al. (2006) examine tradable stock options, the nonmarketability associated with these options should be less comparing to the standard case of untradeable stock options (which is the case of the stock options in Tamir-Fishman sample). It implies that the untradeable stock options the discount should be higher than the one found by Ikaheimo et al. (2006) . In addition, pursuance to Table 5, Table 6 results ascribes higher option values to executives compared to ESO values to non-executive employees. Overall, these results point out on a relative high discount of equity based compensation.
Private pricing model: Numerical implications
We compare the results of the private pricing model to the empirical findings presented in the literature. These comparisons are intended to validate the notion that the private pricing model is aligned with empirical findings, indicating that the model is suitable to value ESOs.
Calculating the stock price to exercise price ratio on the exercise date Our model allows us to calculate the implied ratio of the stock price to exercise price on the exercise date (this ratio is known as the Hull and White (2004) multiple M) . Assuming that the employee exercises the stock option when the private value is equals to the intrinsic value we use the firm's stock price on this date and derive the stock price to the exercise price ratio. Figure 4 presents the change in the stock price to exercise price ratio, as a function of the nondiversification measure δ for different stock option characteristics. Table 7 summarizes the empirical findings regarding the stock to exercise price ratio. It suggests that the implied ratio, calculated using the private pricing model, is within the range of the empirical findings. The findings presented in Table 1 do not include the findings reported by Carpenter et al. (2009) , which provide extensive documentation regarding the stock/exercise price across industries, and report similar results. Overall, the data indicates a large variation in the ratios, both across and within sectors, with very high ratios reflecting the run-up in the stock market during our sample period. Even after considering the variation in the stock to exercise ratio, we can see that the private pricing model estimation is within the range of all the studies that use empirical data.
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Calculating the private value to BS value ratio on the exercise date
In addition to the findings regarding the stock/exercise price ratio, an additional examination that can be implemented is comparing the remaining BS value, relative to the intrinsic value (or private value) on the exercise date. We show that this ratio, calculated using the private pricing model, is also within the range of the empirical findings. Figure 5 presents the forgone value under early exercise of the ESO (in percentages).
This value is calculated in BS terms, and is calculated as Intrinsic value 1 BS value  . Since this ratio is calculated on the (early) exercise date, we use a shorter option term.
20 Hemmer, Matsunaga and Shevlin (1996) report similar findings regarding this ratio. Figure 5 : The BS forgone value (in Percentage) upon early exercise of ESO under the assumption that the employee exercises the stock option when his private value equals the intrinsic value. The input assumptions are: exercise price = 50; time to expiration = 7 years; annual interest rate = 5%; volatility = 35%; number of subdivisions of one year (for the binomial framework) = 50; vesting period = 2; annual dividend yield = 0%; annual exit rate = 0%.
Our computations show that the value the employee forfeits changes dramatically as a function of his nondiversification measure. For a forfeit of 10-20% of BS value, the nondiversification measure  is between 0.025-0.03. Table 8 reports the empirical findings regarding the ESO intrinsic value to the remaining BS option value on the (early) exercise date. The sample data indicates a large variation in this ratio as well. However, while Bettis, Bizjak and Lemmon (2005) measure this ratio on the exercise date, Huddart and Lang (2003) measure it for an average month. 21 Thus, Bettis et al.'s (2005) data is more relevant to our examination.
21 Huddart and Lang (2003) Another interesting finding in this respect is the one made by Zions Bancorp. Zions Bancorp issues securities that replicate the cash flow generated from ESOs and sell this cash flow in an auction. The auction results show that the replicating security yield lower values than the BS values, using the same assumptions on the issuance date. For example, the price of the replication instrument in one of the auctions was 14% lower than the BS value. 23 However, the BS value was calculated using expected life, rather than the time to expiration of the stock option. Using the time to expiration of the option would yield a higher discount.
Conclusion and summary
This paper examines the valuation of employee stock options. Our private pricing model provides a simple framework for pricing these options using private state prices.
The private pricing model has two computational advantages over existing approaches in pricing ESOs. First, compared to lattice and continuous-time models which employ an arbitrary algorithm to explain early exercise, the private pricing model provides an endogenous explanation of ESO early exercise. Compared to the utility maximizing models which provide endogenous early exercise decision, the private pricing model can be viewed as a model that incorporates the utility model parameters into a single factor and thus provides a simplified and more flexible approach to describe exercise behavior and to compute the ESO value. The second advantage of the private pricing model in pricing ESOs is that we are able to quantify the nondiversification effects.
We show that the use of the private pricing model is aligned with empirical findings in studies on ESOs databases: The ratio of the stock price to exercise price and the value forgone (in percentage) comparing to Black-Scholes value (both on the exercise date) are within empirical estimations range. The employee tends to exercise earlier as more restrictions are added to the stock options, if he is more undiversified and when the stock's volatility is higher.
The second part of the paper uses a proprietary data base to estimate the nondiversification measure δ. We use the stock price on the exercise date for each ESO exercise record, accompanied by the specific characteristics of each exercise record-such as the annual risk free rate, historical volatility and remaining time to maturity-and estimates the nondiversification measure for each exercise record. We calibrate the nondiversification measure along with other stock option characters on the grant date and estimate the discount associated with the private pricing model relative to a plain vanilla stock option, calculated using the BS option pricing model. We find that the average discount relative to the BS value is around 50% of the stock option.
